Computational Methods
We performed periodic DFT calculations with Quantum ESPRESSO 1-2 utilizing planewave basis functions, norm-conserving pseudopotentials, 3 the PBE functional, 4 and a wavefunction cutoff energy of 60 Ry. Calculations were performed on a model system consisting of a three-layer Au(111) slab with 4 atoms by 4 atoms in the surface-parallel dimensions. Only the gamma point of the Brillouin zone for the in-plane dimensions was computed given the duplication of the unit cell in these dimensions. This slab was constructed based on the bulk lattice constant of 4.176 Å, as determined from previous calculations of the fcc Au bulk crystal with a larger kgrid. 5 The bottom two layers of the Au slab were frozen to the bulk geometry in all calculations.
The sulfur atom of the 4-MBN molecule was placed above the top Au layer in an fcc chemisorption site (i.e., in between three Au atoms), which is known to be favorable for thiols on Au(111). 6 Following geometry optimizations of the surface Au layer and the 4-MBN molecule, the S atom remained in this site, forming three bonds to Au atoms of approximately 2.48 Å in length. The tilt angle of the optimized probe molecule relative to the surface of gold was determined to be 5.8°.
In all calculations, a unit cell height of 37.5 Å, much of which was filled with implicit solvent in all but the gas-phase calculations, was inserted above the 4-MBN molecule to separate adjacent periodic cells.
The effects of solvent were described via dielectric continuum solvation using the Environ module 1 of the Quantum ESPRESSO code. In particular, the self-consistent continuum solvation (SCCS) method, in which the solute cavity is determined by the electronic density of the atomistic system, was used. 7 In this approach, the solvation contribution to the electronic energy is determined by solving the Poisson equation self-consistently with the Kohn-Sham equations.
Herein, the Poisson equation was solved with periodicity only in the two surface-parallel S3 dimensions 8 so that unphysical solvation interactions between unit cells along the surface normal were excluded from the total energy.
Multiple schemes for including the effects of implicit solvent at the electrode interface were employed in this study. In all of these schemes, the dielectric constant was chosen to be unity on the back side of the Au slab (i.e., the side without the 4-MBN molecule). In principle, a virtually infinite Au electrode would have an effectively infinite dielectric constant in this region. However, given the limitations of a finite slab, imposing the lowest possible dielectric constant on the inactive side of the slab ensures the maximum amount of localization of excess charge on the active side. 9 Although the 3-layer Au(111) slab model was chosen for computational efficiency, Figure 2B in the main text shows that the referenced electrostatic potentials are approximately constant in the interior of the slab.
Three different types of dielectric continuum solvent environments on the front of the Au slab were used. The simplest of these is a fully bulk solvation approach in which the environment's dielectric constant is that of the bulk solvent everywhere beyond the Au slab. The other two types of calculations were performed with a low dielectric constant of 2.8 within a region near the surface of widths 3.5 Å or 6.3 Å and the bulk solvent dielectric constant beyond that region, providing a qualitative representation of the EDL at the interface. The regions were initiated at the surfacenormal position zsurf, defined as the mean position of the surface-layer Au atoms plus one Au van der Waals radius of 1.66 Å. The choice of this interfacial dielectric constant was supported by calculations of the differential capacitance of the Au(111)/4-MBN system with different interfacial dielectric constants and region widths. However, the differential capacitance is also known to depend strongly on the parameterization of the solvent-solute interface in the SCCS method. 10 The widths of these interfacial regions of the unit cell were chosen to be 3.5 Å and 6.3 Å to correspond S4 to the diameter of a water molecule and the approximate length of the probe molecule, respectively.
The computational unit cell with such an interfacial region is illustrated in Figure 1 of the main text. The presence of this low dielectric interfacial region yielded better agreement with experimental data for the frequency shift versus the solvent dielectric constant. The z-dependence of the dielectric constants within each solvation scheme used are depicted in Figure S1 .
The three solvation boundary conditions used herein exhibited different spatial dielectric profiles. At the solute-solvent interface (where solute refers to the entire Au(111)/4-MBN atomistic system), the environment dielectric constant approaches its prescribed value with an error function shape. The environment dielectric constant as a function of z for the unit cell with each solvation boundary condition studied herein is given in Figure S1 . When the low-dielectric interfacial region is present, the environment dielectric constant increases from 1 (corresponding to the absence of a dielectric environment) to 2.8 beyond the gold surface and then to 78.3 beyond the interfacial region width. Then the dielectric constant decays back to 1 due to periodicity. Figure S1 . Environment dielectric constant as a function of the slab-normal dimension, z, for an aqueous interfacial system. The (x,y) coordinates chosen here represent a section of the unit cell that traverses the gold slab but not the 4-MBN molecule. For regions where the electronic density is sufficiently high, the environment dielectric constant is reported by Environ as 1. This region spans from about 5 Å to about 13 Å in this plot, corresponding to the Au slab. At distances beyond the Au surface (indicated by the yellow vertical dashed line), the environment dielectric constant increases to either 2.8 in the schemes with a low-dielectric interfacial region, or 78.3 in the bulk solvation case. In the former, the low dielectric constant persists for the prescribed width of the low-dielectric interfacial region. Beyond this region, the environment dielectric constant increases to 78.3. The dielectric constant changes with an error function shape.
While varying the total charge of the periodic atomistic system, a homogeneous background counter charge was employed to neutralize the cell and prevent a divergent Coulombic energy contribution. The contribution of this homogenous background counter charge is ultimately neglected from the total energy. Although this approach gives rise to a unit cell size dependence of the work function 11 and differential capacitance, for fixed cell sizes these spurious effects are negligible when considering the relative electrostatics, as in the present work. Alternative approaches such as the solvated Jellium method 9 introduce explicit counter charges within the dielectric continuum. However, we found the electrostatic potentials deep in the continuum solvent to be effectively constant (i.e., the electric fields were effectively zero) for the Au(111)/4-MBN system (see Figure 2 of the main text).
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Furthermore, we computed the dependence of the differential capacitance on the presence of the nitrile probe molecule as well as the width and dielectric constant of the interfacial region (see below). The unit cell length was also found to weakly influence the calculated differential capacitance. Despite increases in the differential capacitance for smaller unit cells and smaller (or absent) low-dielectric interfacial regions, the computed nitrile frequency shifts with electrode potential were only minimally affected.
Calculation of CN Stretch Frequency
The CN stretch frequency was estimated for the various implicit solvation and biased electrode conditions from single-point electronic structure calculations characterizing the CN stretch potential energy curve, as inspired by previous computational work. [12] [13] [14] First, a geometry optimization of the periodic Au(111)/4-MBN unit cell with the bulk solvent dielectric constant on the probe side of the metal slab was performed in Quantum ESPRESSO. Then, a gas-phase geometry optimization and Hessian calculation of isolated 4-MBN with the PBE functional using Gaussian 09 15 was performed. The same gas-phase calculations were also performed for the 4-MBN molecule hydrogen bonded to an explicit water molecule. The normal mode mass and coordinates corresponding to the CN stretch were obtained from the gas phase calculations and are given in Tables S1 and S2 for the cases without and with the added explicit water, respectively.
The normal mode masses and coordinates were found to be the same to the required accuracy for the calculations of the isolated 4-MBN molecule performed in gas phase and in continuum solvent up to  = 78.3. Moreover, while the atoms of the explicit water did not participate in the CN stretch normal mode, the reduced mass of the normal mode is slightly higher with explicit water. (Tables S1 and S2 ). The CN vibrational frequency was determined
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as the difference between the lowest two vibrational energy eigenvalues. The shortest and longest CN distances studied exhibited electronic energies roughly 50 kcal/mol higher than the energy at the equilibrium distance, whereas the higher eigenvalue used in the frequency determination was always between 9 and 10 kcal/mol. The computed absolute frequencies in air and water are given and compared to experiment in Table S3 . relative to the value with the same dielectric solvation S10 environment, consistent with the experimentally observed increase albeit still not greater than the calculated gas-phase frequency. However, we did not observe a significant difference in the vibrational Stark frequency shifts with the explicit water molecule hydrogen-bonded to the nitrile N (see below). We emphasize that the absolute CN frequencies are not important for this study, but rather only the changes in CN frequency with solvent dielectric constant and applied potential are relevant. Thus, for the purposes of this study, we calculated the differences in the CN frequency  with changes in the solvent dielectric constant as well as with applied potential using the fully implicit solvent model.
Interfacial Solvation Reaction Field Model
The Onsager-like interfacial solvation reaction field model used to fit the calculated data in Figure 3 in the main text was developed by Dawlaty and coworkers. 16 Here, we briefly introduce the model and define its terms. The change in frequency  (in wavenumbers) as a function of solvent dielectric constant  solv is expressed as follows:
where  is the permanent dipole moment,  is the difference in dipole moments between the first excited and ground vibrational states,  0 is the permittivity of free space, a is the radius of the solute cavity, and n is the bulk solvent refractive index. Moreover,  is an infinite sum that is written as
where
The infinite sum in j was found to be convergent for all solvent dielectric constants used herein and was computed numerically. The prefactor term in Eq. (S1),
, was used in the experimental work as the lone fitting parameter to the data. 16 The values of this parameter used in each fit in Figure 4 of the main text are given in Table S4 . This interfacial layer has a dielectric constant of 2.8.
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Differential Capacitance Calibrations
The differential capacitance was obtained for the bare Au(111) slab and for the Au(111) slab with 4-MBN appended using interfacial solvation schemes that vary in the width and dielectric constant of the low-dielectric interfacial region. The width of the low-dielectric interfacial region was defined as starting one Au van der Waals radius (1.66 Å) above the mean z coordinate of the surface Au atoms, denoted z surf . Beyond the low-dielectric interfacial region, the dielectric constant was set to 78.3 to represent bulk water for these benchmarking calculations. Periodic DFT calculations were performed with electrode charges of zero and +1, and the electrode potential for the latter system versus PZC,  e , was determined for each interfacial solvation scheme using the procedure outlined in the main text. For simplicity, only one non-zero electrode charge was Figure 3A) is wider and has a lower dielectric constant than the parameters required to obtain a differential capacitance of at least 11 μF/cm 2 ( Figure S4 ). In addition, the following section demonstrates that the low-dielectric region required to obtain this differential capacitance does not reproduce the experimentally measured vibrational Stark shifts either. Furthermore, the experimentally measured differential capacitance depends strongly on the electrolyte, and the ionic strength (i.e., the effect of electrolyte ions) is not included in our calculations, preventing a clear comparison of the calculated and measured differential S15 capacitance. Thus, the calculations with an electrified Au slab in the main text were performed using solvation conditions that reproduce the experimentally measured dependence of the CN vibrational frequency on solvent polarity.
The choice of computational conditions such as unit cell size, solvation scheme, and inclusion of an explicit water modestly affected the electrode charge-potential relationship and ultimately the calculated response of the CN frequency to applied bias. The calculated differential capacitances with various computational parameters are given in Table S5 . These data show that the cell size weakly affects the differential capacitance, which is a known consequence of using a homogeneous, non-local Jellium-like countercharge. The cell size used for the data presented in the main paper was 37.5 Å. The smaller unit cell used herein generally yielded larger differential capacitances. In particular, with the smaller unit cell and in the absence of any low dielectric interfacial region, the differential capacitance was 16.2 F/cm 2 , which is within the range of experimental values. However, Figure 3A of the main text demonstrates the inability of this solvation scheme to reproduce the experimental dependence of the CN frequency on solvent polarity, so this approach cannot necessarily be considered a more physically accurate description of the interface. Table S5 also shows the very small impact the inclusion of one explicit water molecule had on the differential capacitance of the Au(111)/4-MBN system. One explicit water molecule hydrogen bonded to N added to the unit cell. 
Additional CN Frequency Shifts with Applied Potential
The choices of computational schemes furthermore affected the calculated frequency shifts with applied potential, albeit modestly. In addition to Figure 3B of the main text, these data are shown in Figure S5 , and the slopes of their linear fits are given in Table S6 . Figure S5 and Table   S6 demonstrate that the differences in the vibrational Stark effect on the CN frequency for the 
Additional Electrostatic Potentials and Electric Fields
This section contains additional contour plots of electrostatic potentials and electric fields relative to those at the PZC. The qualitative analyses of these data are the same as those for  e  0.5 V shown in Figures 5 and 6 
Charge Densities
In addition to the electrostatic potentials and electric fields, we investigated the charge densities in the interfacial region versus those at PZC,  . Figure S10 presents two different onedimensional (along the surface-normal z) slices of the three-dimensional differential charge densities for  e  0.5 V: one through the 4-MBN probe and another through only the dielectric continuum away from the probe. The scales of these differential charge densities differ by over an order of magnitude.
Therefore, the changes in charge density inside and near the probe molecule are significantly larger than the nearly isotropic accumulation of charge elsewhere on the surface. 
Cartesian Coordinates and Sample Input Files of Model Systems
Au(111)/4-MBN in vacuum:
